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ABSTRACT
We used chromospheric activity to determine the ages of 2,820 field stars.. We
searched these stars for excess emission at 22 µm with the Wide-Field Infrared Survey
Explorer. Such excess emission is indicative of a dusty debris disk around a star. We
investigated how disk incidence trends with various stellar parameters, and how these
parameters evolve with time. We found 22 µm excesses around 98 stars (a detection
rate of 3.5%). Seventy-four of these 98 excess sources are presented here for the first
time. We also measured the abundance of lithium in 8 dusty stars in order to test our
stellar age estimates.
1. INTRODUCTION
While most of the geological evidence about the evolution of our solar system has been erased
by cataclysmic events, we can study the evolution of stellar systems like our own by observing
circumstellar debris disks around solar-type (F, G, and K type) stars. Much work has been done
to observe and characterize debris disks (e.g. Bryden et al. 2006), but it has been notoriously
complicated to track the evolution of these disks. The root of the problem is the difficulty in
determining stellar age. While the ages of clusters and associations can be determined by their
bulk properties (i.e. HR diagrams), such techniques are not useful for isolated field stars.
Because of the difficulty of stellar age-dating, the study of debris disk evolution has been largely
constrained to A-type stars (Su et al. 2006, Rieke et al. 2005). Since A-type stars evolve quickly
on the main sequence, their ages can be estimated from stellar isochrones. Su et al. (2006) found
that dust around A-type stars declines with age as t0/t, where t0=150 Myr.
Isochrone dating is not adequate for solar type stars, however, since they evolve slowly on the
main sequence. It is important to extend the study of debris disk evolution to solar-type stars,
since they offer the best evidence about the evolution of our own solar system. Chromospheric
activity dating has a well-calibrated age relation, and carries smaller errors than isochrone dating
(Mamajek & Hillenbrand 2008). We constructed a sample of 2,820 main-sequence field stars for
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which we have calculated age based on chromospheric activity. By using field stars, we created a
sample with a smooth background age distribution. Thus, any dependence of debris disk incidence
on stellar age should stand out.
The Wide-Field Infrared Survey Explorer (WISE; Wright et al. 2010) offers a unique oppor-
tunity to discover new circumstellar disks. WISE Band 4 (22 µm, hereafter W4) can trace infrared
emission from the small (micron-sized) dust grains which dominate the emission from debris disks.
Not only is WISE sensitive to 6 mJy (5σ) at 22 µm (Wright et al. 2010), but it also has the
potential to catch debris disks around stars toward which other infrared observatories such as the
Spitzer Space Telescope and Herschel Space Observatory may not have pointed. By pairing new
age determination techniques with the all-sky coverage of WISE, we are able to provide new insight
into the evolution of debris disks around solar-type stars.
Bryden et al. (2006) used Spitzer to search for IR excess emission around 127 F, G, and K
type stars. They found seven stars with excess at 70 µm and only one star with excess at 24 µm.
Trilling et al. (2008) followed by observing 184 F, G, and K type stars with Spitzer, finding seven
with 24 µm excesses (an excess detection rate of 3.8%). Spangler et al. (2001) observed ∼150 pre-
main-sequence and main-sequence stars (mostly in clusters) with the Infrared Space Observatory
(ISO). These were mostly young (<1 Gyr) F and G type stars. Thus, their detection rate will be
higher than in an unbiased survey. They found 33 stars with evidence of IR excess (a detection rate
of 22 %). Koerner et al. 2010 used Spitzer to search for debris disks among 634 solar-type stars,
finding a detection rate of 4.6% at 24 µm and 4.8% at 70 µm. In the present paper, we consider
a sample of 2,820 stars with activity-determined ages which we examined with WISE at 22 µm,
finding definite excesses around 98 stars (detection rate of 3.5%).
In Section 2, we describe the process we used to determine whether or not an infrared excess
was present. In Section 3, we elaborate on the age-determination method we used, and explain how
we compiled our target list. In Section 4, we put our results in the context of current debris disk
research. In Section 5, we describe any potential issues and errors associated with our findings.
2. IDENTIFYING AN IR EXCESS
Since most debris disks cannot be resolved, we depend on spectral energy distributions (SEDs)
to identify IR excesses. SEDs were created with a fully automated fitting technique using the-
oretical models from Hauschildt et al. (1999) to predict stellar photospheric fluxes. The SEDs
were generated using available photometry from Hipparcos (Perryman et al. 1997), Tycho-2 (Hog
et al. 2000), 2MASS (Cutri et al. 2003), WISE (Cutri et al. 2012), and (when available) IRAS
(Helou & Walker 1988). Stellar radii and effective temperatures are treated as free parameters to
fit the observed fluxes (B, V, J, H, and K) with a χ2 minimization method. We chose not to fit
the photosphere to the W1, W2, or W3 points due to saturation limits in the WISE data and the
possibility of an excess at W3.
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To characterize the IR excess (or lack thereof) in WISE, we concentrated on the W4 data (22
µm)1. The WISE data release provides the W4 flux density in magnitude units. We converted
these magnitudes to flux densities in Jy using published WISE zero points. Using the photospheric
fluxes predicted by the χ2 fit, we defined a parameter SNR:
SNR =
W4[Jy]−W4phot[Jy]
N4[Jy]
(1)
where N4 is the noise (error) associated with each W4 measurement and W4phot is the predicted
22 µm photospheric value. We choose to define a candidate excess source as one for which SNR>5.
This constitutes a 5σ detection. These candidate excess sources were double-checked visually to
make sure that the calculated excess was not due to a bad photospheric fit.2 A blackbody was
then fit to the apparent IR excess. When available, we used supplementary data from Spitzer
and Herschel to better constrain the dust temperature and fractional IR luminosity. These data
were downloaded from the NASA/IPAC Infrared Science Archive website (irsa.ipac.caltech.edu).
Relevant data are found in Table 3. One SED representative of our sample is shown in Figure 1.
Zuckerman et al. (2011) found that Hauschildt photopsheric models underpredicted the flux at
22 µm by ∼3%. We used a subset of stars from Jenkins et al. (2011) - a sample of stars with known
chromospheric activity - to test the Hauschildt models. Of the 868 stars in the Jenkins sample, we
used 230 stars which had SNR between -1 and 1, and which had W2 fluxes <1 Jy (to avoid the
saturation limit at 2 Jy). We used this sample of 230 stars to compare two different photosphere
models - one from Hauschildt et al. (1999), and the second a linear fit to W1, W2, and W33. In
the end, we chose to define SNR using the “corrected” photospheric value (W4phot*1.03).
Finally, the data products from WISE were individually inspected to make sure that there
were no contaminating sources which could be mimicking an excess (such as a binary companion
or a background galaxy). The FWHM of the PSFs for the different WISE bands are: W1(3.4 µm):
6.08′′ ; W2(4.6 µm): 6.84′′ ; W3(11 µm): 7.36′′ ; W4(22 µm): 11.99′′. Since we are considering
excess in the W4 band, we use the FWHM of the PSF in that band as the contamination radius;
if a point-like secondary source were found within 24′′ (2×FWHMW4) of the target, we considered
that star to be “contaminated” and it was no longer considered to be a candidate excess source.
We allowed more room for extended nearby sources such as background galaxies. In the case of a
nearby extended source, we define a contamination radius to be from the center of the contaminating
galaxy to the center of the target in question, and set that radius at 1′. Furthermore, there were
1All candidate debris disks presented in this work show an excess at 22µm but not at 12µm
2Bad photospheric fits can occur due to stellar variability or to an overly coarse parameter spacing in the stellar
photospheric models.
3The Rayleigh Jeans tail of the stellar photosphere can be approximated by a linear fit if the temperature of a
star is &3500 K.
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several cases in which an excess was seen at W4 in the SED, but no star is apparent in the WISE
data product. These stars were considered non-detections.4 If none of the aforementioned issues
were encountered, the data product is considered to be “clean.”
We also considered the possibility of an unseen background galaxy contaminating our W4
excess sources. Given that the WISE data products were checked for nearby sources, any remaining
contaminating source would have to lie within the 6′′ beam of the W4 band. Kennedy & Wyatt
(2012) predict 0.06 spurious sources in their WISE 468 targets (a contamination rate of ∼0.01%).
Therefore, for our 2,820 targets, we would expect 0.36 spurious detections due to contamination by
unseen background galaxies.
3. THE STELLAR SAMPLE
3.1. Chromospheric Activity as an Age Indicator
Stars with a deep convective zone (CZ) experience differential rotation which heats the CZ and
ionizes the material in it. As this ionized material rotates, it enhances pre-existing weak magnetic
fields. The strengthened magnetic field magnetizes material in the stellar wind as it leaves the
system. This causes the outflowing material to rotate, resulting in a net loss of angular momentum.
Over time, the star will spin-down which, in turn, reduces its magnetic activity. Thus as a star
ages, it will spin down and its magnetic activity will weaken in a predictable way (Skumanich 1972,
Barnes 2003)
The magnetic activity can be measured by looking at the collisonally-dominated Ca II H&K
absorption lines at ∼3900A˚. In these lines, the photosphere of the star is suppressed by absorption,
and we can see the emission cores due to magnetic heating of the chromosphere. Mamajek &
Hillenbrand (2008) - hereafter MH08 - provide us with a cluster-calibrated relationship between
chromospheric activity and age:
log(t) = −38.053− 17.912(logR′HK)− 1.6675(logR′HK)2 (2)
where R′HK is a parameter measuring the strength of the Ca II H&K emission core and t is age in
years. This relation is only valid (calibrated) if -5.1<logR′HK<-4.0. Typical errors in age associated
with this method are ∼60% (MH08). For some stars, there may be an additional uncertainty due
to the long-period (∼10 year) magnetic variations due to the stellar cycle. This is discussed further
in Section 5.2.
In addition to an activity-age relation, MH08 suggests that an activity-rotation-age calculation
can be used which, when used to calculate the ages of stars in binaries and open clusters, resulted
4Usually, these were cases of galactic cirrus confusion.
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in lower errors. Also, the activity-rotation-age relation takes the mass of the star (parameterized
by the (B-V) color) into account.This calculation requires that the chromospheric activity index is
first used to calculate the Rossby number (Noyes et al. 1984), which can then be used to calculate
a rotation period. This period is then fed into a cluster-calibrated rotation-age (“gyrochronology”)
relation:
P (B − V, t) = a[B − V0 − c]btn (3)
where MH08 found that a=0.407, b=0.325, c=0.495, and n=0.556 for a rotation period P in days
and age t in Myr ((B-V)0 is the de-reddened color). These constants were determined by fitting the
rotation-age equation to clusters with known ages (up to the age of the Hyades - 625 Myr). It is
valid for stars with 0.495<(B-V)0<1.4. The combined activity-rotation-age relation was calibrated
to clusters up to 625 Myr, field binaries up to ∼10 Gyr, and field stars up to ∼15 Gyr. By comparing
the calculated ages of field binaries, MH08 were able to quote an average error of 15% in t. We
present both the age calculated directly from the rotation-age relation of MH08 (AgeRHK) and the
age calculated by using the Rossby number and the rotation-age relation (AgeROT ). All of our
statistics were calculated using the latter.
In total, we cataloged WISE data for 2,820 stars with known chromospheric activity ages from
4 sources (Pace 2013 (1,251 stars); Jenkins et al. 2011 (596 stars); Isaacson & Fischer 2010 (854
stars); Wright et al. 2004 (119 stars)). When we found an overlap between these four sources, we
preferentially took chromospheric data from the most recent publication.
3.2. Pace 2013
Pace (2013) collected a sample of 1,741 field stars with ages derived from stellar isochrones
from the Geneva Copenhagen survey of the solar neighborhood. The goal was to constrain the age
range in which chromospheric activity is a reliable age-determination tool. Of the 1,741 stars in
the Pace (2013) sample, 1,251 stars have log(R′HK) in the appropriate range for the chromospheric
activity relation from MH08 (-5.1<log(R′HK)<-4.0). After examining the SEDs, we found that 132
showed evidence of some excess. Of those, 42 have clean WISE data products. Of those 42 debris
disks, 27 are previously unreported in the literature.
3.3. Jenkins et al. 2011
Jenkins et al. (2011) assembled a catalog of 890 stars with chromospheric emission measured
with an echelle spectrograph. Their purpose was to calibrate their measured S-index to the Mount
Wilson S-index, thus allowing them to derive a value for log(R′HK)for their sample. Of the 890
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stars in the Jenkins et al. sample, 93 are also in the Pace (2013) sample5. Of the 797 remaining
stars, 596 have R′HK values in the appropriate range for our chromospheric activity relation. Of
those 596, 33 have excesses in W4 and clean WISE data products. Of those, 30 are presented here
for the first time.
3.4. Isaacson & Fischer 2010
Isaacson & Fischer (2010) collected spectral data for over 2,600 stars. Their goal was to
determine if the “jitter” in their chromospheric activity measurements was due to the presence
of a planetary system. Of the 2,647 stars in the Isaacson & Fischer (2010) sample, 420 are also
either in the Pace (2013) sample or the Jenkins et al. (2011) sample. Of the remaining 2,227 stars,
854 are on the main sequence (according to SIMBAD) and have R′HK values in the appropriate
range. Of the 854 stars we examined, 20 have W4 excesses and clean WISE data products. Of that
subsample, 14 have no previous mention in the literature.
3.5. Wright et al. 2004
Wright et al. (2004) constructed a sample of over 1,200 F, G, K, and M type stars with chro-
mospheric activity measurements derived from 18,000 spectra from Lick and Keck Observatories.
Of the 1,204 stars in the Wright et al. (2004) sample, 119 are unique targets with R′HK in the
appropriate range. Three stars have evidence of an IR excess at W4 and clean data products. Of
those 3 stars, all are presented here for the first time.
4. DISCUSSION
4.1. Comparison to Protoplanetary Disks
The following discussion is taken largely from the Annual Review article by Wyatt (2008):
The IR excess seen in debris disks differs significantly from that seen in protoplanetary disks. The
most obvious difference is that protoplanetary disks consist largely of gas and sub-micron sized dust
grains. These grains radiate very efficiently (due to their high surface area-volume ratio). Thus the
fractional IR luminosities (τ) seen in protoplanetary disks are several orders of magnitude higher
than those seen in debris disks and higher yet compared to the Sun’s Kuiper Belt (KB)(τproto∼10−2,
τdebris∼10−5, τKB∼10−7). In addition to their higher IR luminosities, protoplanetary disks also
have shorter lifetimes than debris disks. Most protoplanetary disks are completely dispersed ∼10
5We compared the R′HK values for stars which appeared in both the Pace (2013) catalog and the Jenkins et al.
(2011) catalog. We found that they agreed to within ∼1%.
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Myr after their formation due to mass loss and gas accretion onto the star (Wyatt 2008). Thus the
circumstellar disks we see around >10 Myr stars must be second generation (Zuckerman 2001).
4.2. Models of Dust Production
The dust observed in debris disks is thought to have formed from a collisional cascade in the
planetary disk. The generally accepted model of dust formation is as follows: Once the gas in
the disk has been dispersed, rocky planetesimals can begin growing. At first, the disk experiences
runaway growth as larger objects grow at faster rates due to gravitational focusing. Once objects
reach ∼1000 km in size, they undergo oligarchic growth (Wyatt 2008). In this phase, a few large
planetesimals clean out the small (<100 km) bodies in their neighborhood, and grow slowly into
protoplanet-sized objects. At this stage, the large objects in the forming planetary system can
dynamically stir the leftover small objects. These small objects will eventually be given enough of
a velocity kick for the resulting collisions between small bodies to be destructive. The cold dust
that we see around stars with ages >10 Myr is likely the result of these collisions.
4.3. Models of Dust Removal
Dust can be removed from the system in several ways. The most effective mechanism is due
to radiative forces from the star. Once collisions between intermediate (<100km) sized bodies
begins, a collisional cascade is triggered. Two bodies collide to create a population of smaller
bodies, which collide with each other to create even smaller bodies, and so on until the debris
reaches the blow-out radius. At this point, the dust can be ejected from the system by radiative
forces. Dust can also be destroyed by spiraling toward the star as a result of Poynting-Robertson
drag and ultimately being vaporized. Small particles can also be carried out by a strong stellar
wind. However, since the dust collision timescale for observed debris disks is much smaller than
the timescale for Poynting-Robsertson drag, most dust loss is “collision dominated.” (Zuckerman
2001).
4.4. Observations
We examined the WISE fluxes of 2,820 stars with chromospheric activity measurements. Of
those, 98 have excesses at 22 µm (3.5%). This detection rate agrees with the rate reported by
Trilling et al. (2008) for 24µm excesses around 184 FGK stars (3.8%)6. The ages of our debris
6The Trilling et al. 2008 sample of debris disks were measured by Spitzer at 24 µm. Since Spitzer at 24 µm was
∼10 times more sensitive than WISE at 22 µm, we expect our detection rate - after correction for the sensitivity
difference - is actually somewhat higher than Trilling’s. In addition, Trilling et al. used a 3σ detection limit to define
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disks range from 24 Myr to 9.1 Gyr, with an average of 2.7 Gyr. The debris disk parameters are
found in Table 1, and the associated WISE data are found in Table 2. In Figure 2, we display the
distribution of sample stars and debris disk stars as a function of chromospheric activity. We see
the expected distribution of stars, with most of our sample being inactive (log(R′HK)<-4.8) and a
hint of the Vaughan-Preston gap at intermediate activity levels (Vaughan & Preston 1980). It is
clear that, relative to the background sample, debris disks are found preferentially around active
stars. This is expected, since more active stars tend to also be younger. The distribution of the
sample as a function of age is shown in Figure 3 and indeed, we see that debris disks are found
preferentially around younger stars. By fitting a logarithmic decline to our histogram of debris disk
ages, we find that the number of debris disks declines as et0/t where t0∼175 Myr (Figure 4). This
is similar to the results from Su et al. 2006 who found that t0∼150 Myr.
We examined the evolution of the infrared luminosity fraction τ (=LIR/Lbol) with age, where
τ is determined from the following formula:
τ =
(νFν)peak,dust
(νFν)peak,star
(4)
where Rstar and T star are determined by the best-fit photospheric SED, T dust is determined by
the best-fit blackbody to the IR excess, and Rdust is determined from the equation
7:
Rdust =
Rstar
2
(
Tstar
Tdust
)2 (5)
A histogram of dust radii for those systems with several mid-IR observations is shown in Figure
5. Figures 6, 7, and 8 show a visualization of the dust radii compared with the Solar System’s
Kuiper and Asteroid Belts. The mass of the dust can be derived given certain assumptions about
the observed dust:
Mdust =
Fνd
2
κνBν(Td)
(6)
where d is the distance from Earth and κ is the dust opacity, and (in the literature)is often assumed
to be 1.7 cm2g−1 at 800 µm (Zuckerman & Becklin 1993). At shorter wavelengths, the opacity
rises to ∼5 cm2g−1 for a 200 K body (Pollack et al. 1994). The opacity curves from Pollack et
al. (1994) employ assumptions about grain size and composition of the dust. However Rhee et al.
(2007) provides a relation between the dust mass and the fractional IR luminosity τ (=LIR/Lbol):
IR-excess, while we utilize a 5σ detection limit.
7This equation assumes that the dust is in a thin ring of inner radius Rdust.
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τ
Mdust
∝ 1
ρaR2dust
(7)
where a is the characteristic radius of the grains. This formula was confirmed empirically using
stars with dust masses measured directly from the submillimeter flux, assuming that the dust is in
an optically thin ring and that the radius and density of the grains do not change significantly from
star to star (see their Figure 4). We similarly calculate dust masses for those stars in our sample
with well defined values of τ (those stars whose IR excess could be fit with a unique blackbody
curve8). These masses are listed in Table 3.
We expect the amount of dust (parameterized by the fractional infrared luminosity) to decline
as a function of stellar age. Over time, there should be more collisions between planetestimals,
leading to more debris being ground down to the blow-out size and ejected from the system by
radiative forces. This decline in τ with age has been seen in A stars and solar-type stars (e.g. Su
et al. 2006, Bryden et al. 2006, Rhee et al. 2007). We are able to reproduce this trend with our
data; the dustiest debris disks are found around young stars (<2 Gyr).
5. Stellar Characteristics
5.1. Spectral Type
A summary of our findings broken down by spectral type can be found in Table 4. We find
that debris disks were detected predominantly around K-type stars with ∼2.5σ significance. This
seems like a strange result. Since a typical WISE sensitivity limit is 6mJy, a detectable excess
would have to be at least 6mJy above the photosphere. For stars at the same distance from Earth,
this excess would constitute a higher percentage of the photosphere (a higher τ) for a dim K star
than for a bright F star. In other words, a higher τ would be required to constitute a significant
excess around a dim K star, while a lower τ would be necessary to be detectable at that same level
around an F-type star. Thus we are sensitive to smaller τ in F stars than in K stars. Since our
sensitivity is set by the flux of the photosphere at 22 µm (for a given distance), we should be able
to quantify our sensitivity bias. The flux of the photosphere is defined by:
Fν = piBν(
R
d
)2 (8)
where R is the radius of the star and d is the distance to Earth. Since our distance distribution shows
no strong dependence on spectral type, we can assume that our F stars and K stars are essentially
8Many sources had single-channel excesses and could not be fit with a unique blackbody. Further mid-IR obser-
vations are needed to constrain the properties of these sources (see Section 5.2)
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at the same distance. We also assume that all stars in Table 1 have reached the Rayleigh Jeans
tail by 22 µm so that Bν∝T. Thus:
Fν,F
Fν,K
=
TF
TK
(
RF
RK
)2 (9)
Using average values for our F and K stars (RF=1.05R, RK=0.84R, TF=6600K, TK=4100K),
we find that F ν,F /F ν,K = 2.5. Thus we are 2.5 times more sensitive to F stars than to K stars;
Any discrepancy in the detection rate between F stars and K stars would only be magnified when
this sensitivity is taken into account. Trilling et al. (2008) also found that K stars had a higher
debris disk detection rate than G stars (albeit with a smaller sample size).
5.2. Distance from Earth
If young stars are preferentially found closer to Earth, then we would be more sensitive to
younger stars, and thus our sample would be biased. We examine this possibility in Figure 9. In
Figure 9, we can see that there is no obvious correlation between distance and age9. Thus we do
not believe that a parallax effect is biasing our data.
5.3. Metallicity
Since debris disks are found around the dustiest stars, it might be expected that they would
also be preferentially found around stars with high metallicities. We gathered metallicity data
for as many stars in our sample of 2,820 as possible (∼2,000 stars) from Anderson et al. (2012),
and examined the dependence of debris disk incidence on metallicity; no correlation is apparent
(Figure 10). This result agrees with the findings of Greaves et al. (2005), who found no correlation
between debris disk incidence and metallicity, even when there was a correlation between giant
planet incidence and stellar metallicity.
5.4. Planet Hosts
Anderson et al. (2012) provide data on known planet hosts; 136 of our 2,820 stars (∼5%) are
known hosts to one or more substellar objects. Four stars out of 98 debris disks presented here
(∼4%) are planet hosts, and all have only one known giant planet. This is a surprising result, since
we believe that debris disks are signposts of planet formation. The existence of planets, especially
giant planets, helps to dynamically stir the population of small bodies to the velocity necessary for
9All distances were calculated from Hipparcos parallaxes (Perryman et al. 1997).
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a collisional cascade. One therefore might expect to see a high percentage of planet hosts in our
debris disk sample. This non-correlation between planet hosts and debris disk hosts was also noted
by Bryden et al. (2009).
HIP 3391 is host to a 1.56MJ planet with a semi-major axis of 1.28 AU (Tamuz et al., 2008).
HIP 3391 also has a 22 µm excess, but without additional data points we can only provide an upper
limit on the temperature (and a lower limit on the semi major axis of the dust). For a maximum
dust temperature of 200 K, the inner semi major axis of the dust is at 2.1 AU. We can thus say
that the dust is likely outside the orbit of the planet. We then refitted the dust blackbody, and
found a minimum temperature of 45 K, corresponding to a maximum inner semi major axis of the
dust of 42 AU.
HIP 7978 is orbited by a 0.9MJ planet at 2.022 AU (Butler et al., 2011)and a 55 K belt of dust
30 AU from the host star (this work). Additional data were taken from the IRS, IRAS and MIPs
catalogs and corroborate the IR excess seen by WISE. Thus we are confident about the quoted
dust temperature and radius.
HIP 90593 hosts a 0.67MJ planet orbiting 2.24 AU from its host star (Fischer et al. 2009).
It also has a single-channel excess indicating a debris disk with temperature 47 K<T<200 K,
corresponding to a range of inner radius 2.62 AU<Rdust<47.4 AU. The dust is likely located
outside of the planet.
HIP 118319 is host to a 0.71MJ which orbits its host star at 0.233 AU (Johnson et al. 2010).
It also has a 137 K debris disk (confirmed by a Spitzer 70 µm data point presented by Bryden et
al. 2009) at a minimum radius of 8.43 AU, well outside the orbit of the planet.
The results are consistent with a dust location analogous to the Kuiper belt rather than the
asteroid belt. Thus our results seem consistent with the physical picture of a debris disk (though
we are working with small-number statistics and assuming that there are no undetected close-in
planets). A visualization of the debris disks found around planet hosts with ill-determined dust
locations can be seen in Figure 11. Note that the dust radii in the top two panels of Figure 11
represent the minimum radii of the dust orbits (or the maximum temperature for the dust blackbody
fits).
5.5. Lithium Abundances
The abundance of Li absorption at 6707.8 A˚ has been cited as a possible tracer of stellar
age (e.g. Zuckerman & Song 2004). Twenty-eight stars in our debris disk sample have lithium
abundances available in the literature. We were also able to measure lithium abundances for 8 stars
in our debris disk sample using the Hamilton Echelle Spectograph on the 3 m Shane Telescope at
Lick Observatory. We reached typical sensitivities of 10-15 mA˚. The relevant data are listed in
Table 5. We compared the Li abundance with the age determined from the activity-rotation-age
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relation of MH08, and see that the Li abundance decreases as a function of age (see Figure 12).
Four of our stars which appear to be old according to their low levels of chromospheric activity also
have no detectable lithium. This correlation supports our use of chromospheric activity as an age
indicator.
6. ISSUES AND WARNINGS
6.1. Chromospheric Activity Variations
We know that our Sun undergoes variations in magnetic activity over a ∼ 11 year period. It
is assumed (and in some cases, observed) that other solar-type stars experience similar short-term
variations (Duncan et al. 1991). If snapshots of stellar activity are taken, there is no way to tell
if the star is being observed during an active period, or a quiet period. Only by taking long (∼10
year) baseline observations can we be certain that we are measuring the average magnetic activity
of that star. Few such surveys have been conducted (e.g. Wright et al. 2004), and future surveys
will be limited by telescope availability (a spectral resolution of at least 1 A˚ is needed to observe the
Ca II H & K emission cores which indicate magnetic activity) and the willingness of observers to
spend decades on a single sample of stars. This systematic uncertainty introduces an extra source
of error in the calculation of age from chromospheric activity. For the Sun, this variation amounts
to a 20% uncertainty in age as calculated from the chromospheric activity during quiescence and
during a period of high activity (see Vican 2012 for further discussion of this issue).
6.2. Issues with SED Fitting
For single band excesses, many different blackbodies could theoretically be fit to the same data
point (see Figure 13). The excess we see could be from warm dust emission, or the Wein tail of a
blackbody for cooler dust. In some cases, we were able to add data from previous studies (Spitzer,
IRAS, etc.) to constrain a blackbody fit to the dust. For those stars for which we found only one
data point in excess (i.e. W4), we fit the maximum temperature blackbody, which corresponds to a
lower limit to τ (= LIR/Lbol). For these stars, it is difficult to say how relevant our calculations for
Rdust and M dust may be, but we include these calculations in Table 1. Follow-up observations with
mid-IR instruments such as those on SOFIA might help resolve these discrepancies by providing a
second data point with which one could constrain a blackbody dust fit. Physical maps of the dust
from ALMA would be the best way to determine the dust radius, since the blackbody radius often
underestimates the true radius of the dust (Rodriguez & Zuckerman 2012).
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7. CONCLUSIONS AND FUTURE WORK
We examined 2,820 solar type (F, G, and K type) stars using WISE to search for an infrared
excess at 22 µm. We found 98 stars with a clear WISE excess at 22 µm (a detection rate of 3.5%),
74 of which are presented here for the first time.
An IR excess at 22 µm is indicative of either hot dust or the Wein tail of a cold dust component.
For debris disks with only the 22 µm data point in excess, follow-up observations are necessary
to constrain the properties of the dust. If the dust is truly hot (∼200 K), the drop-off in flux at
long wavelengths will make detections with sub-mm instruments (e.g. ALMA, SCUBA-2) unlikely
(although a non-detection could also help to constrain the dust temperature; see Bulger et al.
2013). Mid-IR instruments such as FORCAST on SOFIA could be used to confirm the presence
of cold dust. It is important to understand the temperature evolution of the dust, especially for
those stars which seem to be old (>2 Gyr). These old systems are either (1) the tail end of the
steady-state evolution of solar type debris disks or (2) the result of cataclysmic collisions between
two large rocky bodies (e.g. BD +20 307, Song et al. 2005). Observations in the mid-IR and
sub-mm to determine the dust temperature will help distinguish between formation mechanisms.
Partial support for this work was supported by a NASA grant to UCLA and by an NSF
Graduate Research Fellowship to Laura Vican. This project made use of the SIMBAD and Two-
Micron All Sky Survey (2MASS) databases and VIZIER search engine, operated by CDS in France.
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Table 3. Supplementary Data for Stars with WISE Excesses
HIP Mdust (MEarth) Instrument
544 4.38E-04 IRS, MIPS, IRAS
682 3.20E-03 IRS, MIPS, IRAS
1481 5.81E-04 IRS, MIPS, IRAS
6276 2.49E-04 IRS, MIPS, IRAS
7576 2.55E-04 IRS, MIPS, IRAS
7978 2.43E-02 IRS, MIPS, IRAS
9141 8.83E-04 IRS, MIPS
14684 6.78E-04 IRS, MIPS
17439 1.21E-02 IRS, MIPS, IRAS
22787 2.40E-04 IRS, MIPS, IRAS
30030 2.92E-04 IRS, MIPS, IRAS
33690 3.52E-03 IRS, MIPS, IRAS
36515 1.86E-04 IRS, MIPS, IRAS
36948 1.01E-01 IRS, MIPS, IRAS
44279 7.25E-04 IRAS
47135 7.40E-04 IRS, MIPS
48133 3.59E-04 MSX, IRAS
48423 8.65E-04 IRS, MIPS, IRAS
52462 7.24E-02 IRS, MIPS, IRAS
60074 7.02E-02 IRS, MIPS, IRAS
66765 2.72E-04 IRS, MIPS, IRAS
105388 3.66E-03 IRS, MIPS, IRAS
118319 2.27E-02 IRS, MIPS, IRAS
Table 4. Detection Fraction by Spectral Type
Type Fraction
F Stars 5/433 (1.15±0.4%)
G Stars 65/1904 (3.4±0.4%)
K Stars 28/482 (5.8±1.0%)
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Table 5. Lithium Data
HIP B-V EW(Hα) EW(Li) Ref
A˚ mA˚
682 0.630 2.34 122 W07
1481 0.540 130 T06
5227 0.856 74 T06
5373 0.850 50 T06
6276 0.750 160 T06
6856 0.910 168 T06
9141 0.660 2.52 195 W07
14684 0.810 1.76 178 W07
14809 0.710 145 D09
17439 0.870 0 T06
22787 0.800 2.15 11 W07
27134 0.850 0 40 T06
27429 0.554 2.342 81 this work
29442 0.836 1.598 <10 this work
29754 0.618 1.966 16 this work
30030 0.587 2.63 177 W07
33690 0.790 0 T06
36129 0.845 1.495 <5 this work
36515 0.640 81 T06
36948 0.740 2.32 176 W07
41351 0.851 1.477 <10 this work
47990 0.663 1.912 31 this work
48423 0.720 2.63 62 W07
52462 0.877 138 T06
59259 1.060 0 T06
59315 0.710 152 T06
60074 0.600 2.79 123 W07
66765 0.860 10 T06
73869 0.750 2.14 166 W07
76757 0.605 1.924 87 this work
77199 0.970 420 T06
90593 0.680 1.825 <10 this work
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Table 5—Continued
HIP B-V EW(Hα) EW(Li) Ref
A˚ mA˚
96635 0.872 1.6 11 W07
101726 0.650 60 T06
105388 0.720 227 T06
115527 0.710 133 T06
Note. — T06=Torres et al. 2006,
W07=White et al. 2007, D09=Da Silva et al.
2009
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Fig. 1.— This is an SED for HIP 14809 - one of our debris disk candidates. Black dots represent
data from Hipparcos and 2MASS catalogs (at B, V, J, H, and K bands). The blue dots represent
WISE data in four bands (3.4, 4.6, 11 and 22 µm).This star represents the minimum amount of
dust (amount of flux above the photosphere) which we felt comfortable characterizing as a debris
disk.
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Distribution of logR′HK
Fig. 2.— The distribution of stars as a function of their chromospheric activity parameter. It is
clear that as the background sample (which includes the debris disk stars) decreases toward higher
values of logRHK (more active stars), the sample of debris disks does not. In fact, the distribution
of debris disks appears to be somewhat bimodal.
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Distribution of Ages
Fig. 3.— The distribution of stars as a function of stellar age, as determined from their chromo-
spheric activity. While the background sample (which includes debris disks stars) has a smooth
distribution of ages, there is a clear peak in the distribution of debris disks at younger ages.
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Debris Disk Evolution
Fig. 4.— This figure shows the evolution of debris disks over time. We used 100 Myr bins and fit
a logarithmic profile to the decline of the number of debris disks as a function of age. We find that
the number of debris disks declines as et0/t where t0∼175 Myr.
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Dust Radii
Fig. 5.— This figure shows a histogram of dust radii for systems with dust blackbodies fit to more
than one mid-IR data point. The locations of the Asteroid Belt and Kuiper Belt of the Solar System
are shown for comparison, along with the orbits of the 4 giant planets.
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Distribution of Distances
Fig. 9.— The distribution of debris disks as a function of distance relative to the background
sample (which includes the debris disk stars). It is clear that the frequency of debris disk detection
has no dependence on distance (inside of 150 pc). Detected debris disks are too few to tell if there
is any dependence on distance past 150 pc.
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Distribution of [Fe/H]
Fig. 10.— This figure demonstrates the fact that debris disk incidence is not dependent on the
metallicity of the host star. A similar trend was noticed by Greaves et al. (2005). This histogram
includes 2,110 stars with measured metallicities from Anderson et al. (2012), 66 of which are debris
disk hosts.
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Planet Hosts
Fig. 11.— This figure is a visualization of the debris disks around known planet hosts with poorly-
determined dust radii. The disks around HIP 3391 and HIP 90593 are located at the minimum
possible radius for these systems (corresponding to the maximum possible dust temperature). For
comparison, we include the “debris disks” of the solar system (the Asteroid and Kuiper Belts) with
the orbit of Jupiter shown.
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Li Evolution
Fig. 12.— Comparing lithium abundances (measured by the equivalent width (EW) of the Li
absorption line at 6707.8 A˚) with the ages derived using the activity-rotation-age relation of MH08,
we see that there is an apparent decrease in Li as a function of age. We expect the rate of this
evolution to be mass-dependent (e.g. Zuckerman & Song 2004); this figure conflates all F, G, and
K-type stars.
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